This research evaluates effects of climatic change on future temperature, precipitation and flow discharge in the Karkheh watershed (a watershed in south west of Iran). For this purpose, it utilizes General Circulation Models (GCMs) and the non parametric Mann- Different climatic scenarios show that temperature increases and precipitation and flow discharge decrease, also MK test and TSA estimator represent that slope of their variations will slow down in future and most of changes are related to winter and spring.
Introduction
The global warming and climatic change are a basic problem in human societies. In the The Mann-Kendal test (Mann [1] ; Kendall [2] ) and the Theil-Sen approach (Theil [3] ; Sen [4] ) (as nonparametric methods) have been used in this study. The nonparametric methods are distribution-free, robust against outliers, and according to Yue et al. [5] have a higher power for non-normally distributed data.
Taxak et al. [6] showed decreasing trend of annual rainfall from 1949 to 2012 in Wainganga basin, central India; Kumar & Jain [7] showed decreasing trend of annual rainfall from 1951 to 2004 in most watersheds of India; Subash et al. [8] stated that rainfall has significant increasing trend during July, August and September in some watersheds of India;
Sayemuzzaman & Jha [9] showed that rainfall has increasing trend in winter and decreasing trend in fall in the state of North Carolina of U.S.A. from 1950 to 2009; Tekleab et al. [10] showed that precipitation has not significant trend and seasonal and annual temperatures has significant increasing trend within the Abay/Upper Blue Nile basin in Ethiopia; Addisu et al. [11] stated that mean, maximum and minimum temperatures have increasing trend and rainfall has decreasing trend in Lake Tana sub-basin, Ethiopia; Beyene et al. [12] stated that monthly rainfall has decreasing trend from May to July during 1995 to 2014 in Mekelle city of Ethiopia; Croitoru et al. [13] stated that annual and summer reference evapotranspirations have increasing trend and fall reference evapotranspiration has decreasing trend in Romania;
de la Casa & Nasello [14] evaluated trend of the number of rainy days and precipitation from 1960 to 2010 in Córdoba Province of Argentina and found relation between them and influence of cosmic rays; Adib et al. [15] showed increasing trend of temperature and decreasing trend of rainfall and flow discharge during 1970-2009 in the Kasilian watershed of Iran; Somee et al. [16] showed that annual rainfall and winter and spring rainfalls have decreasing trend during 1967-2006 in most parts of Iran; Tabari et al. [17] stated that mean, maximum and minimum temperatures have increasing trend in south, west and southwest of Iran; Abghari et al. [18] showed decreasing trend of annual flow discharge during in mountainous western regions of Iran; Khalili et al. [19] showed annual and winter rainfalls have decreasing trend during 1961-2010 in more than half of Iran (especially south of Iran);
Zamani et al. [20] showed that monthly, seasonal and annual flow discharges have decreasing trend during 1974-2011 in the Karkheh watershed of Iran; Ay & Kisi [21] showed increasing trend of monthly precipitation in several provinces of Turkey; Xu et al. [22] showed increasing trend of rainfall and flow discharge in south of China and decreasing trend of precipitation and flow discharge in north of China during 1951-2000; Caloiero [23] Ruvu River Basin of Tanzania and showed that rainfall and maximum temperature will increase and minimum temperature will reduce; Lima et al. [28] uses of GCMs and the traditional Generalized Extreme Value (GEV) distribution for generation of IntensityDuration-Frequency (IDF) curves in Korea and they showed that intensity of rainfalls with 5 short durations and long return periods will increase in future; Agilan & Umamahesh [29] uses of GCMs and 'K' Nearest Neighbor (KNN) weather generator downscaling method in the Hyderabad city of India for generation of IDF curves and they showed that intensity of rainfalls will increase in future; Mailhot et al. [30] used of the Canadian Regional Climate Model (CRCM) in Southern Quebec of Canada for generation of IDF curves in future and they showed that intensity of rainfalls will increase; Alam & Elshorbagy [31] utilized GCMs, KNN, GEV distribution and Representative Concentration Pathways (RCP) for generation of IDF curves in the Saskatoon city of Canada and they showed that the main source of uncertainty is type of used GCMs and RCPs, Simonovic et al. [32] updated IDF curves in Canada by downscaling method and Decision Support System (DSS), Khan et al. [33] compared uncertainty of SDSM, LARS-WG and Artificial Neural Network (ANN) for downscaling of daily precipitation, minimum and maximum temperatures. SDSM has the most sure of the results during 1961-2000 in Canada. Kuo et al. [34] 
Components of research

The MK trend test and TSA estimator
The MK test is the rank based nonparametric test (Mann [1] ; Kendall [2] ). Test statistic S is:
Where:
x i and xj are the sequential data values, n is number of the data and sgn is a function:
Trend slope (Theil and sen's median slope)
Theil-Sen's estimator estimated the slope of N pairs of data points (Theil [3] ; Sen [4] ) and calculated as Qi = (x j -x k ) / (j-k) for i =1…N.
Where: x j and x k are data values at times j and k, (j > k). The median of these N values of Q i is Sen's estimator of slope.
The HadCM3 (Hadley Centre Coupled Model, version 3) and the Special Report on Emissions Scenarios (SRES)
The HadCM3 is a coupled atmosphere-ocean general circulation model (AOGCM).
The The A2 scenario family predicts a very heterogeneous world. Characteristics of this scenario are self-reliance and preservation of local identities. The population will increase continuously. Economic development is not global and is different in developed and developing countries. Per capita economic growth and technological change are more fragmented and slower than other scenarios [49] .
The B2 scenario family predicts a world that considers local solutions for economic, social, and environmental sustainability. This scenario has continuously increasing global population with a rate lower than A2 and intermediate levels of economic development. Also the purpose of this scenario is environmental protection and social equity; it focuses on local and regional levels [49] . The characteristics of two scenarios are shown in Table 1 .
IHACRES model
This research uses of rainfall-runoff model with the name IHACRES. Jakeman et al. [50] introduced principles of this model. IHACRES has eight parameters and two components (linear and non-linear components). These parameters are:
In nonlinear component, c: mass balance term, f: temperature dependence of drying rate, t ref :
reference temperature, l: moisture threshold for producing flow, p: power on soil moisture and The run test showed that data (annual, seasonal and monthly data) are homogenous ( Z >1.96
in Table 2 ).
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The Pettitt's [51] test illustrates that data (annual, seasonal and monthly data) have not any change points ( Z <1.96 in Table 3 ).
Performance criteria
Used performance criteria are:
Root mean square error (RMSE):
Where X c is calculated value of parameter, X o is observed value of parameter and n is number of observations.
Normalized root mean square error (NRMSE):
Correlation coefficient (R 2 ):
The values of RMSE and NRMSE should be close to zero and R 2 should be close to one.
The objectives and novelty of research
The objectives of this research are: (Table 4) : Table 4 shows that accuracy of the HadCM3 model and SDSM downscaling model is appropriate, therefore these models can predict precipitation and temperature in future in the Jelogir station. Also verification of these models for two scenarios represents which the precision of the two scenarios is approximately equal. April. From December to April, increasing of temperature and reduction of precipitation are more than other months because these months have the most value of precipitation and they are the coldest months. In scenario A2, increasing of temperature and reduction of precipitation are slightly more than scenario B2, scenario B2 pays more attention to preserving the environment.
Prediction of the precipitation and temperature using of HadCM3 model and SDSM downscaling model (2030-2073)
Calibration of IHACRES model and Prediction of the flow discharge for scenarios
A2 and B2
For calibration of IHACRES model, daily precipitation depth and temperature at the base time period (1971-2014) were introduced to model for simulation of daily flow discharge.
Comparison between observed and simulated flow discharge is ( Figure 3) : Table 6 shows that flow discharge will reduce considerably in future. In scenario B2, reduction of flow discharge is slightly more than scenario A2. This table illustrates The predicted precipitation time series by scenario A2 have decreasing trend in September to February, April and May and increasing trend in March. Significant level is 90% in January and October. Maximum reduction is related to January (-3.41 mm/decade) and maximum increasing is related to March (0.22 mm/decade).
The predicted temperature time series by scenario A2 have increasing trend in all the months.
Significant level is 90% in June, 95% in October and December and 99% in January, February and July to September. Maximum increasing is related to October (0.76 C/decade).
The predicted flow discharge time series by scenario A2 have decreasing trend in February to
September and increasing trend in October to January. Maximum reduction is related to April (-3.04 CMS/decade) and maximum increasing is related to November (6.15 CMS/decade).
The predicted data for scenario B2 (2030-2073):
The predicted precipitation time series by scenario B2 have decreasing trend in October to
February and increasing trend in March to May and September. Significant level is 90% in October. Maximum reduction is related to October (-2.66 mm/decade) and maximum increasing is related to April (1.17 mm/decade).
The predicted temperature time series by scenario B2 have increasing trend in June to January and March and decreasing trend in February, April and May. Significant level is 90% in January and August, 95% in September and October and 99% in July. Maximum increasing is related to October (0.78 C/decade) and maximum reduction is related to May (-0.32
C/decade).
The predicted flow discharge time series by scenario B2 have decreasing trend in February to
August and increasing trend in September to January. Maximum reduction is related to April (-2.64 CMS/decade) and maximum increasing is related to November (4.19 CMS/decade).
The annual precipitation, mean of annual temperature and flow discharge:
Observed data (1971-2014):
The annual precipitation has decreasing trend (-40.71 mm/decade) with significant level 95%.
The mean of annual temperature has increasing trend (0.09 C/decade). The mean of annual flow discharge has decreasing trend (-36.53 CMS/decade) with significant level 99%.
The predicted data for scenario A2 (2030-2073):
The annual precipitation has decreasing trend (-11.13 mm/decade). The mean of annual temperature has increasing trend (0.47 C/decade) with significant level 99%. The mean of annual flow discharge has increasing trend (3.14 CMS/decade).
The annual precipitation has decreasing trend (-6.12 mm/decade). The mean of annual temperature has increasing trend (0.18 C/decade). The mean of annual flow discharge has decreasing trend (-0.17 CMS/decade).
MK trend test and TSA estimator shows that decreasing trend of flow discharge and precipitation will slow down while increasing trend of temperature gets faster in future.
Production of greenhouse gases and increasing rate of temperature in scenario A2 are more than those of scenario B2.This will increase snow melting rate, the main source of water supply in the Karkheh River, therefore trend of flow discharge is incremental in scenario A2.
Also decreasing rate of precipitation in scenario A2 are more than those of scenario B2.
Conclusion
This research represents that the value of precipitation and flow discharge will reduce and the value of temperature will increase in future. Applying of different scenarios A2 and B2
proves this fact and results of them show that difference between applications of these scenarios is negligible at time period 2030-2073. But in the long term, difference between results of the scenarios becomes obvious (based on results of MK test and TSA estimator).
Scenario B2 pays more attention to preserving the environment. This scenario in comparison with scenario A2 shows less incremental rate of temperature and reduced rate of precipitation.
In scenario A2, more incremental rate of temperature will increase snowmelt rate in mountainous areas and increase flow discharge. MK test and TSA estimator illustrate that trend lines of observed data at base time period (1971-2014) have very steep slopes and these slopes will be adjusted in the future.
Although increasing of temperature will increase evaporation from the reservoir of the Karkheh dam but this issue can not increase precipitation in the Jelogir hydrometric station.
The Jelogir station's height is relatively low (385 m) therefore vapor of the reservoir of the Karkheh dam must transfer to higher regions for production of rainfall.
Also this research represents one month lag time between changes of temperature and precipitation and simultaneous changes precipitation and flow discharge. In winter and spring, the changes of meteorological and hydrologic data are very more than other seasons. The reduction of precipitation and increasing of temperature is intense from December to April.
Most of the flow discharge changes are related to February to May.
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The results of this study are in good agreement with the results of other researches in Iran. 
